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ABSTRACT

Design Master is a desktop personal computer program for use by system designers that allows simulation type
tradeoff design studies for various engineering systems. The program is a generic dynamic object-oriented program

with a graphical event-driven user interface. The program is fully integrated into the Windows 95 and Windows NT
operating system environments and provides connectivity across the network and with other programs through the

COM (Component Object Model). Design Master permits the creation of templated objects, groups of objects, or

entire system representations for particular engineering disciplines.

INTRODUCTION

Software modeling or simulation tools for engineering applications often exist as separate packages (power,
scheduling, mass, cost, reliability, etc.). This does not allow system designers to explore the synergies among

various aspects of the "total" system. Because of the lack of commercial tools with the ability and ease to integrate
engineering models and data bases, we designed a new and reusable tool for a wide range of engineering

applications. It is called Design Master: Systems Engineering Graphical User Interface Tool. This paper introduces

Design Master and discusses some of its typical engineering applications.

DESCRIPTION

Figure 1 shows the basic object hierarchy of the program. On the left side are the underlying software objects that

represent the real world objects that the user wishes to simulate. On the right side are the visual objects used to view,
edit, and manipulate the visual representation of the underlying software objects on the computer screen. The
software objects on the left have a collection of system objects patented by the application. Each system object is

the top level object in any one loaded system. Under each system is a collection of subsystems, each of which is an

object parented by the system. Each subsystem in turn has a collection of subsystems, therefore providing any level
of embedding in the hierarchy. The name of a system or subsystem is provided by the user.

Under each system or subsystem are objects that contain properties pertaining to that object. System or Subsystem

Properties contain various object properties such as connection information and any executable code modules
embedded at the level in the hierarchy. View Properties contains the properties of the child window representing
that object, such as background color. Button properties contains the properties of an object's visual representation

within its parent's child window. The system object has Default Button Properties instead because it is a top level

object and is not contained within another child window. The default values are for the primitive visual objects used
throughout the system. Custom properties are the user defined properties for the real world object represented.

The separation of software objects, representing a real world system from the software objects for visual objects on

the computer screen, allows for a more intuitive object hierarchy and permits unloading selected child windows to
save computer system resources. The visual properties for a system or subsystem are subclassed under that system



or subsystem and can be readily accessed to create the visual objects for that system or subsystem. Relationships
between visual objects are established by the system hierarchy rather than establishing links between visual objects.

Figure 2 shows a screen capture of the application's main window with a system loaded that contains multiple levels
of subsystems. The system is a space station electrical power system with three power modules. At the upper left is

the child window showing the top level system. Each object representing a module is a container of objects
constituting the module. Pointing and clicking on a module object brings up the child window representing the

module and showing the child objects within the module. The three module windows are the other two windows on
the left side and the lower right side. The other child window shows what is contained within an object parented by
the first module. This child window demonstrates a balloon that pops up when the mouse cursor is moved over an

object. The balloon shows a textual identification of an object and assists in precise targeting when drawing a

connector from one object to another or identifying objects on a crowded window. Also shown is a context menu
that pops up when the mouse right button is clicked on an object (a similar context menu appears for the background
of the child window).

The caption in the title bar of each child window shows the object path in the hierarchy of the object represented by

the child window. The main window caption shows the caption of the currently active child window. Connecting
lines can be connected either directly on to an object or can be connected to a port object (green in Figure 2) on the

target object. User-defined property values are optionally passed from object to object through a port connection.

Figure 2 also shows application toolbars docked at the top of the main window. The floating toolbar shown in the
upper left area of the main window is a user-defined toolbar that contains template objects available for reuse.
Clicking on a template toolbar button permits a template object to be pasted on any of the child windows. The

template toolbars can be saved to file and reopened for reuse in another system or provided to another user.

The visual objects can also serve as object labels and textual or graphical annotations. Calculated or real time values

of properties can be displayed in any cell on a visual object.

Figures 3 and 4 are examples of the extensive dialog boxes and property sheet provided to customize the system
objects and their visual representation. Figure 3 shows 3 of the 8 property pages used to set the properties of the

buttons (visual objects on a child window). Design Master provides extensive capabilities to design complex shapes,
provide multiple cells on the button, each with separate text, bitmaps and/or colors. Most of the dialog boxes and

property pages are modeless so that a series of property changes can be made for evaluation without having to
reopen them each time. The program also has a visual designer tool for mouse point, click, and drag design of

objects.

The top of Figure 4 show the dialog box that lists the user-defined properties for an object. These properties would
be physical or engineering properties or properties to manage or describe the object within the context of an entire

system. User-defined property values can be strings, short or long integer, single or double floating point values,
booleans and multidimensional arrays of any of these types. Through the use of a Visual Basic for Applications

compatible scripting tool, object properties can be accessed and exported to an external system solver or the solver
program can be created within Design Master. The access is through COM Automation. Calculated values then can

be imported back into the object's set of stored properties. The scripting tool is shown on the lower left of Figure 4.
The scripter provides a Integrated Development Environment (IDE) complete with runtime debugging capability and

an object browser to ascertain the methods and properties of an object and any parameters of the methods. The IDE
also has a dialog box editor to create custom interface elements. The scripter allows the Design Master to be a client

of any automation server. The program as a whole is an automation server.

The following table lists most of the main features of the program:

Design Master's Features

i Create any number of subsystem levels or objects within a level up to the limit of computer resources. [

i Represe_n__...................._ ..................._a_chsubsELtem--as objec t on parent......................................................................................................................................................windoEw or as a containing window. [

I Multiple cells in visual obiect, each containing[ text, bitmaps, and/or colors. !

i Multinle segments for customized shap.e of visual objects i

i__Hoating popup ball oonj_rovides textual identification of visual objects. Balloon pz.0_erties can be edited. 1
I Visual Desimaer for visual obiectsorovides interface for mouse point, click, and dra_[ desi_ of objects, i

ii

_ol_e_), p__a_es pr0.yidefo r extensive editing_ of visua! object pr0perties.



Propertypagesprovideforextensiveeditingofvisualcontainer(window)properties.
VisualBasicforApplicationscompatiblescriptingtoolwithruntimedebuggercapabilities,objectbrowser,anda
customdialogboxeditortocreateacustomizedinterface.Scripteralsooptionallyrespondstoeventsintheprogram
providingacustomizedresponsetoeventssuchasclickingthemouseonanobiect.
Portobjectsforconnectingvisualobjectswithconnectors.Optionallyfixesconnectionpoints.
Singleandpolylinesegmentconnectors(numberofsegmentscanbechanged)withorwithoutarrowheads.
Treatsconnectorsasobjectswithcustomdefinedproperties.
Usercreatesanddefinespropertiesthroughdialogboxes.
Useroptionallydefinespropertyvaluesasstrings,shortorlonginteger,singleordoublefloatingpoint
values,booleansandmultidimensionalarraysofanyofthesetypes.
Stitchespropertyvaluesoptionallybetweenconnectedobjects.
Exposessystem,subsytemandtheirpropertiesthroughCOM-basedAutomation.
ProgramisaCOM-basedAutomationserverandisanAutomationclientthroughthescripter.
Graphobjectprovidesbasicgraphingcapabilitiesforobjectpropertiesandcalculatedvalues.
EmbedsobjecthelpdocumentationwithinasystemdatafilethatalsocontainsAutomationembeddedor linkeditems.
EditobjecthelpdocumentationbyaspecialversionofWordPad.
Underlyingobjecthierarchyseparatestheabstractobjectfromthevisualrepresentationoftheobject.
Systemorsubsystemcontainsanoptionalobjectreferencetoanyotherarbitrarysystemorsubsystemthatisloaded.
Embedsscriptercodemodulesinanobjectexecutedfrommultiplelocationsintheuserinterface.
Useroptionallyembedscodemoduleswithineachotherand/ordefinesanexecutionorderforthemodule.
FilestructureusestheCOMStructuredStoragespecificationthatisobject-orientedandhassecurityfeatures.
Filestructureviewerutilityprovidesatreeviewofafilewithdirectaccesstoanylevelofthehierarchy.
Treeviewshowshierarchyofall loadedsystemsandprovidesdirectaccesstopropertiesatanylevelin thehierarchy.
Statusbarshowsloadandunloadprogressandcoordinatesofmoveandresizeoperations.
Moveandresizeobiectssinglyoringroupsandmaintainaspectratioduringresizing.
Zoomviewsinorout,createmultiplecopiesofviews,splitandscrollviewsmanualorautomatically.
Saveobjectstofloatingtoolbarstobeusedastemplates.Savethetemplatetoolbarstofileandreloadand
createnewsystems.Thetemplatetoolbarbuttonscontainuser-createdbitmapsanduser-definedtextfortooltipsto
identifythecontentsofthebutton.Editthecontentsofanytemplatetoolbarbutton.
Extensivemainmenus,toolbarsandcontextmenusprovideeasyaccesstopropertiesandtraversingthehierarchy.
Draganddropofproperties.
Copyandpasteofobjectsandgroupsofobjectstootherviewsandlocationswithinaview.
Horizontalandverticalrulersforeachview.
Eachviewhasanoptionalgridandobjectssnappedtogrid.
Fullprintingsupportforindividualormultipleviews.
Interfacecustomizationsuchasallowinguser-selecteddefinitionofmouseclickoperation,
automaticsavingoffiles,placementandsizeofwindows,multipleinstancesofdialogboxes,etc.
Windowanddialogboxtitlebarsprovidetheobjectpathinthehierarchytothereferencedobiect.
Undoandredooperations.
Startupdirectoryforautomaticloadingofsystemandtemplatetoolbarfiles.

SUMMARY

Design Master provides a flexible, extensible, and low-cost environment for system engineering simulation. The

program provides a very broad capability to visually design a system, customize the environment, define properties,
write and test code to access properties and/or perform calculations on the properties. As a COM Automation

enabled program, it can be used effectively with other programs that the user may have on their desktop computer or
residing on other computers on the network using the Distributed Component Object Model (DCOM). The Visual

Basic for Applications compatible scripting language is a human-readable object-based language that is easy for a

system designer to learn and use. Evaluation copies of the program are available by contacting the authors.
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